The purpose of this cross-sectional study was threefold: (1) to examine ethnic differences in plasma lipoprotein(a) [Lp(a)] concentrations; (2) to examine the relationship between physical activity levels (moderate, moderate-vigorous, and total MET-min/day) and Lp(a) concentrations; and (3) to determine the relationship between maximal treadmill time and Lp(a) concentrations among African-American, Native American, and Caucasian women (n = 140, ages 40-70 years: 54.5Ϯ10.7). Physical activity records were kept for two 4-day periods, scheduled 1 month apart, a total of 8 days, and each activity was assigned a code from the 'Compendium of physical activity'. Subjects completed a graded exercise test to determine maximal treadmill time, and a fasted blood sample was collected to quantify Lp(a) concentration. Lp(a) concentrations were negatively skewed with a geometric mean of 28.3 mg/dl (25-75%: 10.4-43.1 mg/dl) in African-Americans (n = 47), 2.9 mg/dl (25-75%: 1.2-7.4 mg/dl) in Native Americans (n = 45), and 9.4 mg/dl (25-75%: 2.6-22.4 mg/dl) in Caucasians (n = 48). African-American women had significantly higher (pϽ0.05) Lp(a) concentrations than either Native Americans or Caucasians. No relationships were observed among moderate, moderate-vigorous, and total MET-min/day of physical activity, maximal treadmill time, and Lp(a) concentrations. Significant ethnic differences in Lp(a) concentrations were found, with African-American women having higher Lp(a) concentrations than Native American and Caucasian women. Lp(a) concentrations were not associated with any physical activity variables. Therefore, physical activity and maximal treadmill time did not influence Lp(a) concentrations in this tri-ethnic population of women.
Introduction
Recommendations for increased physical activity participation have been made to achieve higher fitness levels and health benefits. 1 A primary reason for the increasing of physical activity is to reduce the prevalence of chronic diseases such as coronary artery disease (CAD). 2 CAD is the leading cause of death in the USA. 3 Increasing physical activity participation can reduce a person's total cholesterol and lowdensity lipoprotein cholesterol (LDL-C) while increasing high-density lipoprotein cholesterol (HDL-C), therefore decreasing CAD risk. 2 Since its discovery in 1963, lipoprotein(a) [Lp(a)] concentration in men and women has been identified as an independent CAD risk factor. 4 Lp(a) is a macromolecular complex found in plasma and is formed when an LDL molecule is covalently joined to apolipoprotein(a) [apo(a)], a unique glycoprotein. 5 Even though Lp(a) carries less than 15% of the cholesterol present in the plasma, the primary function of Lp(a) is cholesterol transport. People with elevated Lp(a) concentrations (Ͼ30 mg/dl) are at increased CAD risk. 5 The Lp(a) atherogenic mechanism is not clear, but several have been proposed and include: (1) Lp(a) deposits cholesterol on artery walls and walls of venous grafts; and (2) Lp(a) competitively competes with plasminogen's receptor sites and inhibits the fibrinolytic processes. 6 Physical activity is defined as any bodily movement produced by skeletal muscle activation that results in energy expenditure. 7 Regular physical activity participation can improve a person's lipid and lipoprotein profile independent of gender and race. 8 Existing literature regarding the effect that physical activity has on Lp(a) is inconclusive. Present information indicates that a single exercise session, 9 exercise training, 10 and resistance exercise training 11 have little impact on Lp(a) concentrations in Caucasian men; however, Cardoso et al, 12 Hellsten et al 13 and Ponjee et al 14 have observed that weight-lifting and large volumes of competitive running may alter Lp(a) concentrations. The reason for this discrepancy is not clear, but prolonged intense exercise compared to a single intense exercise session may have a different effect on plasma Lp(a) concentrations.
Previous investigations have concluded that no Lp(a) concentration gender differences exist between Caucasian men and women, 15 whereas racial differences do exist. Sedentary African-American men and women have higher Lp(a) values than their Caucasian counterparts. 16 Few Lp(a) studies have been conducted among women, especially minority women. 16, 17 Thus, the purpose of this investigation was threefold. The first purpose was to determine any ethnic differences in Lp(a) concentrations among African-American, Native American, and Caucasian women. The second purpose was to examine the relationship between habitual physical activity levels and Lp(a) concentrations among African-American, Native American, and Caucasian women while statistically controlling for age, smoking status, and estrogen status. The third purpose was to determine the relationship between maximal treadmill time (an indicator of aerobic fitness) and Lp(a) concentration among African-American, Native American, and Caucasian women while controlling for age, smoking status, and estrogen status.
Methods

Subjects
This cross-sectional study was a part of the Cross-Cultural Activity Participation Study (CAPS), a 5-year community trial. 18 Subjects were recruited using advertisements placed in newsletters, flyers posted in community centers, radio advertisements, and from personal conversations. Prior to study enrollment, telephone screening was completed for the following subject inclusion criteria: (1) 40 years or older;
(2) self-identified ethnicity as African-American, at least 50% Native American, or non-Hispanic Caucasian; (3) free from physical illnesses or disabilities that would limit daily physical activities such as walking; and (4) the ability to read and write well enough to record daily physical activities in a record book. Subjects enrolled in the study were 57 African-American women residing in South Carolina, 50 Native American women residing in the Pueblo or Navajo reservations in New Mexico, and 53 Caucasian women residing in South Carolina (n = 28) and New Mexico (n = 25). In accordance with the Institutional Review Boards of the University of South Carolina and New Mexico, informed consent was obtained before testing.
Among the 160 women enrolled in the study, eight did not complete the project because of time demands, five did not complete the study because of health problems, two were non-compliant with the study protocol, and five subjects had incomplete data and were removed prior to data analysis. After excluding these 20 women, 140 women were eligible for the present analysis.
Study design
Surveys for physical activity, health history, and demographic data were completed at the subjects' homes or work sites in New Mexico and South Carolina. Maximal treadmill time, body composition and blood samples were obtained during visits to the exercise testing laboratories at the University of New Mexico and the University of South Carolina. Data collection and testing procedures were stan-Vascular Medicine 2001; 6: [15] [16] [17] [18] [19] [20] [21] dardized for all field and laboratory evaluations through preliminary staff training sessions. The study procedures and laboratory equipment were standardized at each site. All data were entered and analyzed at the University of South Carolina.
Demographic and health history information
Surveys designed to obtain demographic and health behavior information were interview-administered to each subject. Ethnicity was self-reported as African-American, Caucasian, or at least 50% Native American. Menopausal and hormone replacement therapy (HRT) status was selfreported as premenopausal, postmenopausal and taking HRT, or postmenopausal and not taking HRT.
Physical activity records (PA records)
PA records were used to obtain a detailed account of all physical activity performed during two 4-day periods, scheduled 1 month apart. Subjects recorded all daily activities in the PA records and each change in activity was listed as a new entry. For each activity, subjects wrote the following information in the PA records: (1) time of day they started the new activity; (2) the purpose for doing the activity (e.g. self-care, household, parenting, transportation, occupation, walking, etc.); (3) a detailed description of the activity (e.g. typing, eating, walking for exercise, etc.); and (4) a perceived effort (light, moderate, vigorous) for the activity. Upon completion, PA records were edited for completeness and clarity by study staff in the presence of the subjects. The staff assigned each activity a five-digit code obtained from the 'Compendium of physical activity'. 19 The five-digit code links the purpose, description, and MET intensity for each activity recorded in the PA records. One MET reflects the ratio of the associated metabolic rate for a specific activity divided by the resting metabolic rate. Two study staff members coded each PA record independently. Differences in assigned Compendium codes between the study staff members were identified by a third reviewer and corrected. A total of 66 091 data entries reflecting all the activity performed by all the subjects for 8 days was obtained from all of the PA records.
Physical activity data were summed as minutes/day and MET-min/day. MET-min were computed by multiplying the minutes for each activity by the MET intensity level. One MET-min is roughly equivalent to 1 kcal/min for a 60-kg person. 20 Physical activity was sorted into intensity groups using the Centers for Disease Control and Prevention-American College of Sports Medicine stratifications of light (Ͻ3 METs), moderate (3-6 METs), moderate and vigorous (Ն3 METs) and vigorous (Ն6 METs) intensity activities. 21
Bodyweight, height, and waist circumference
Each subject's bodyweight was measured in kilograms (nearest 0.1 kg) using a Seca Model 770 scale (Shorr Productions, Onley, MD, USA). A stadiometer was used to measure each subject's height in inches (nearest 0.1 inch). Body mass index (BMI) was determined as weight (kg) divided by height squared (m 2 ). Waist circumference was measured at the midpoint between the ribs and iliac crest. Waist circumference was measured twice to the nearest 0.1 cm at the end of exhalation with the average measurement recorded. Hip circumference was measured at the widest part of the buttocks and measured twice to the nearest 0.1 cm with the average measurement recorded.
Blood collection and analysis
Subjects fasted for 12 h prior to blood collection. Before any blood was collected, subjects were asked a series of questions related to menstrual status, HRT, or birth control use. Approximately 40.0 ml of blood was collected at rest from an antecubital vein into Vacutainer tubes containing K3-EDTA and immediately stored on ice. Blood was centrifuged at 1500×g for 20 min at 4°C to separate red cells and plasma and stored at −80°C until analysis. Blood measure's repeatability was determined by having 10% of the subjects from New Mexico and South Carolina sites return to the laboratory 1 week after their initial blood collection for a second blood collection.
Spectrophometric analysis, using a stable Lieberman-Bouchard reagent, was used to determine total cholesterol and the cholesterol associated with HDL. 22 HDL-C was determined in whole plasma after precipitation with manganese chloride. 23 LDL-C and very-low-density lipoprotein cholesterol (VLDL-C) were estimated using the Friedewald, Levy, and Fredrickson 24 equation. The triglyceride concentration was measured enzymatically (procedure no. 339-10; Sigma Diagnostics, St Louis, MO, USA). Glucose concentration was measured enzymatically (procedure no. 315-100; Sigma Diagnostics, St Louis, MO, USA). Primary standards of cholesterol concentrations prepared by Sigma Diagnostics and a pooled blood sample served as internal lipid controls. Inter-assay variation for the respective analyses were: total cholesterol (3.6%), HDL-C (3.5%), and triglyceride (1.5%). Intra-assay variation for the respective analyses were total cholesterol (1.8%), HDL-C (2.3%), and triglyceride (3.6%).
Plasma Lp(a) concentrations were determined using an enzyme-linked immunosorbant assay procedure (Strategic Diagnostics, Newark, DE, USA). This measurement uses both monoclonal and polyclonal antibodies that specifically bind to the apolipoprotein(a) moiety of Lp(a), but not to plasminogen or other lipoproteins. Once the monoclonal antibody was bound to Lp(a), the plate wells were washed with a buffer solution containing Proclin. Following the wash step, the polyclonal anti-Lp(a) horseradish peroxidase (HRP) conjugate was added. After incubation, the reaction was stopped by adding 2N sulfuric acid. The color developed was directly proportional to the concentration of Lp(a). Inter-assay variation for Lp(a) was 4.7% while intraassay variation was 1.0%.
Graded exercise test (GXT)
Subjects completed a GXT using a Quinton treadmill and three-channel ECG monitor with physician supervision. The treadmill test and Borg's rating of perceived exertion (RPE) chart were explained to each subject. Blood pressure, an ECG recording, and RPE were obtained during the last 30 s of each exercise stage, and during recovery. A treadmill protocol was developed for this study and started at 2.0 mph and 0% grade (2.5 METs) and increased every 2 min in 1 MET increments. Exercise test endpoints were exhaustion, dyspnea, and ECG abnormalities as outlined by the ACSM Guidelines for Exercise Testing. 25 Estimated maximal MET levels were determined by multiplying the total time of the treadmill by 3.5 ml·kg −1 . 
Statistical analysis
All data were analyzed using the PC-SAS statistical program (Cary, NC, USA). Normality of Lp(a) concentration, lipids, lipoproteins, and physical activity (MET-min/day) were determined by plotting the data points. Because Lp(a), triglyceride, HDL-C and VLDL-C concentrations were skewed to the left, natural log-transformations were used for all statistical analysis. All other variables (physical activity levels and maximal treadmill time) were normally distributed. The three physical activity levels of interest were: moderate MET-min/day, moderate and vigorous MET-min/day, and total MET-min/day (sum of light, moderate, and vigorous MET-min/day). Age ranged from 40 to 80 years old, current smoking status was either 'yes' or 'no', and menopausal and HRT status was defined as either those who have (either naturally or through HRT) or those who do not have significant estrogen levels.
Student's t-tests were used to determine if any differences existed in moderate MET-min/day and total MET-min/day between the Caucasian subjects in South Carolina and New Mexico. A one-way analysis of variance (ANOVA) was used to determine any existing differences in natural log-Lp(a) concentrations and lipids and lipoproteins among the three ethnic groups. An ANOVA was used to determine any existing differences in physical activity levels and maximal treadmill time among the three ethnic groups. Bonferroni post-hoc multiple comparison tests were performed to determine where pairwise ethnic differences existed.
Regression analysis was used to determine if a significant relationship existed between physical activity levels and maximal GXT minutes and the natural log-Lp(a) concentrations. An analysis of covariance (ANCOVA) was used to determine the relationship between physical activity levels and natural log-Lp(a) concentrations controlling for race, age, smoking status, and menopausal and HRT status. An ANCOVA was used to determine the relationship between maximal treadmill time and natural log-Lp(a) concentrations, adjusting for race, age, smoking status, and menopausal and HRT status. Because previous research has shown age, menopause, and HRT status to be confounders, these variables were kept in the model even if they were not statistically significant. Lp(a) concentrations are presented as geometric means and 25th to 75th percentiles. The geometric mean is the exponential of the mean natural log-Lp(a) concentrations. The physical activity levels and maximal treadmill test data are presented as median and 25th to 75th percentiles. All hypotheses were tested at the 0.05 alpha level except for the Bonferroni analyses, in which alpha levels were adjusted for the number of comparisons. Table 1 shows the subjects' demographic and physiologic data. African-Americans were older, taller, weighed more, and had a lower waist to hip ratio (WHR) than Native Americans. Weight and BMI were higher in African-Americans versus Caucasians. Caucasians were taller, had a lower BMI, and lower WHR than Native Americans. No significant differences were detected in the amount of dietary niacin among African-Americans, Native Americans, and Caucasians. Only 6.4% of all women smoked, 28% were taking some type of anti-hypertensive medication, Table 1 Subject demographics by ethnicity.
Results
Characteristics
African-American (n = 47) Native American (n = 45) Caucasian (n = 48) All (n = 140) 29% were premenopausal (with a regular menstrual cycle), 32% were postmenopausal and taking HRT, and 39% were postmenopausal and not taking HRT. Fewer African-Americans were premenopausal when compared with Native Americans. More African-Americans and Caucasians were on HRT or birth control medication compared with Native Americans. Table 2 shows the geometric mean and 25-75th percentiles of lipids and lipoproteins by ethnicity. Triglyceride and VLDL-C concentrations were significantly lower among African-Americans than Native Americans. African-Americans and Caucasians had higher HDL-C than Native Americans. Native Americans had significantly higher VLDL-C than African-Americans.
The results regarding the physical activity levels, maximal treadmill time and estimated MET have been previously reported. 26 In summary, maximal treadmill time and estimated MET levels were greater for Native Americans and Caucasians than African-Americans. Caucasians and Native Americans performed more moderate physical activity expressed in min/day and MET-min/day than African-Americans. Likewise, Caucasians and Native Americans had higher moderate/vigorous min/day and MET-min/day of physical activity than African-Americans. Furthermore, Caucasians participated in more moderate/vigorous activity expressed as min/day than Native Americans. Table 3 shows the geometric mean and 25-75th percentiles of Lp(a) for the three ethnic groups. African-Americans had higher Lp(a) concentrations than Native Americans and Caucasians (p = 0.02). No differences in Lp(a) concentrations were detected between Native Americans and Caucasians. No associations between physical activity levels or maximal treadmill time and Lp(a) concentrations were found in the unadjusted or adjusted analysis (Figures 1 and 2 ).
Discussion
No significant difference in Lp(a) concentrations between Native American and Caucasian women was found. In con- The finding that Lp(a) concentrations were higher for African-Americans than Caucasians is similar to results reported by Howard et al 16 in which African-American Lp(a) concentrations were 72-118% higher than Caucasians. The biological mechanism for higher Lp(a) concentrations in African-Americans is not completely understood, but Utermann et al 29 trations, we conclude that genetic variation seems a more plausible explanation.
Our results, showing no associations between maximal treadmill time and Lp(a) concentrations, are in agreement with the results of several studies. 15, 31, 32 Israel et al 15 of two 30-minute exercise sessions (304 vs. 479 kcals of energy expenditure) and found no changes between preand post-Lp(a) concentrations for a single exercise session; however, Lp(a) concentration differences were found between the two exercise sessions. Similarly, Dufaux et al 36 found that two days after a 3-h race, subjects' Lp(a) concentrations increased from baseline values, but then returned to baseline on the fourth day post-exercise. They concluded that the increased Lp(a) concentration following a single exercise session is similar to what occurs after a physical training period.
Elevated Lp(a) concentrations have been associated with tissue damage and repair (termed 'acute phase respondent'). 36 This increase in Lp(a) concentration is transient and is associated with the time course for tissue damage and repair. 37 The higher Lp(a) concentrations reported by Hellsten et al, 13 Holme et al 35 and Ponjee et al 14 may be the result of localized muscle tissue damage attributed to heavy prolonged physical activity and may be beneficial for injury repair; however, increased serum Lp(a) concentrations are not always seen in conjunction with elevated muscle tissue damage. 29 creatine kinase levels were increased, but no change in Lp(a) concentrations was found. While the results from the present study suggest maximal treadmill time and physical activity levels are not associated with Lp(a) concentrations, there are several limitations. Oxygen consumption was not measured, therefore quantifying cardiorespiratory fitness was not possible. Another limitation was that 62% of the study sample recorded only moderate physical activity and 35% recorded vigorous physical activity. The women recorded a total of 20 min/day (average = 11 min/day) of vigorous physical activity over the 8-day period. Finally, the women's estrogen levels were not directly measured. Estrogen status was assessed through a questionnaire.
In summary, this study is the first to date which measures Lp(a) concentrations in a tri-ethnic population. Our results showed that African-American women had higher Lp(a) concentrations than Native American and Caucasian women. Further, maximal treadmill time and physical activity were not associated with Lp(a) concentrations after adjusting for race, age, and estrogen status. Thus, moderate intensity physical activity probably does not have a role in changing a person's Lp(a) concentrations among women with low to moderate levels of daily physical activity patterns. Present information indicates that various apo(a) phenotypes exist. Future research should evaluate the apo(a) phenotype distribution and may provide further insight regarding the different Lp(a) concentrations among various ethnic groups and the clinical relevance of these differences.
